Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Study Population/Test Model

Controlled Human Exposure

In general, the subjects recruited into study groups should be similarly matched for age, sex, race, anthropometric
properties, and health status. In studies evaluating effects of specific subject characteristics (e.g., disease, genetic
polymorphism, etc.), appropriately matched healthy controls are preferred. Relevant characteristics and health
status should be reported for each experimental group. Criteria for including and excluding subjects should be
clearly indicated. For the examination of populations with an underlying health condition (e.g., asthma),
independent, clinical assessment of the health condition is ideal, but self-report of physician diagnosis generally is
considered to be reliable for respiratory and cardiovascular disease outcomes®. The loss or withdrawal of recruited
subjects during the course of a study should be reported. Specific rationale for excluding subject(s) from any portion
of a protocol should be explained.

Ideally, studies should report species, strain, substrain, genetic background, age, sex, and weight. Unless data
indicate otherwise, all animal species and strains are considered appropriate for evaluating effects of PM exposure.
It is preferred that the authors test for effects in both sexes and multiple lifestages, and report the result for each
group separately. All animals used in a study should be accounted for, and rationale for exclusion of animals or data
should be specified.

There is greater confidence in results for study populations that are recruited from and representative of the target
population. Studies with high participation and low drop-out over time that is not dependent on exposure or health
status are considered to have low potential for selection bias. Clearly specified criteria for including and excluding
subjects can aid assessment of selection bias. For populations with an underlying health condition, independent,
clinical assessment of the health condition is valuable, but self-report of physician diagnosis generally is considered
to be reliable for respiratory and cardiovascular diseases®. Comparisons of groups with and without an underlying
health condition are more informative if groups are from the same source population. Selection bias can influence
results in either direction or may not affect the validity of results but rather reduce the generalizability of findings to
the target population.

Pallutant

Controlled Human Exposure

Studies should: (1) include a composite measure of PM (i.e., PMas, PMio-25, or ultrafine particles [UFPT) or (2)
apply some approach (e.g., particle trap or filter) to assess the effects of PM in a complex air pollution mixture
(i.e., diesel exhaust, gasoline exhaust, wood smoke).

Studies should: (1) include a composite measure of PM (i.e., PM2s, PM1o-25, or ultrafine particles [UFPT°) or (2)
apply some approach (e.g., particle trap or filter) to assess the effects of PM in a complex air pollution mixture
(i.e., diesel exhaust, gasoline exhaust, wood smoke).

Health effects are evaluated primarily using a composite measure of PM (i.e., PMzs, PM1o-25, or ultrafine particles
[UFP]®) from studies using ambient measurements, model predictions, or a combination of measured and modeled
data. Studies of PM components must also include a composite measure of PM. Studies of source-related
indicators are also evaluated where the indicator is derived using ambient PM concentrations.
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Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Exposure Assessment or Assighiment

Controlled Human Exposure

For this assessment, the focus is on studies that utilize PM concentrations <2 mg/m?®. Studies that use higher
exposure concentrations may provide information relevant to biological plausibility, dosimetry, or inter-species
variation. Studies should have well-characterized pollutant concentration, temperature, and relative humidity and/or
have measures in place to adequately control the exposure conditions. Preference is given to balanced crossover or
parallel design studies which include control exposures (e.g., to clean filtered air). Study subjects should be
randomly exposed without knowledge of the exposure condition. Method of exposure (e.g., chamber, facemask,
etc.) should be specified and activity level of subjects during exposures should be well characterized.

For this assessment, the focus is on studies that utilize PM concentrations <2 mg/m?®. Studies that use higher
exposure concentrations may provide information relevant to biological plausibility, dosimetry, or inter-species
variation. Studies should characterize pollutant concentration, temperature, and relative humidity and/or have
measures in place to adequately control the exposure conditions. The focus is on inhalation exposure.
Non-inhalation exposure experiments (i.e., intratracheal instillation [IT]) are informative for size fractions

{e.g., PM1o-25) that cannot penetrate the airway of a study animal and may provide information relevant to biological
plausibility and dosimetry. In vitro studies may be included if they provide mechanistic insight or examine similar
effects as in vivo studies, but are generally not included. All studies should include exposure control groups

(e.g., clean filtered air).
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Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Of primary relevance are relationships of health effects with the ambient component of PM exposure. However,
information about ambient exposure rarely is available for individual subjects; most often, inference is based on
ambient concentrations. Studies that compare exposure assessment methods are considered to be particularly
informative. Inference is stronger when the duration or lag of the exposure metric corresponds with the time course
for physiological changes in the outcome (e.g., up to a few days for symptoms) or latency of disease (e.g., several
years for cancer).

Given that the spatial variability of PM composite measures varies among size fractions, with more homogeneity for
PMzs than either PM1o-25 or UFP, the need for capturing spatial contrasts is stronger for PM+o-25 or UFP compared
with PMzs. Validated measurements, whether averaged across multiple monitors or assigned from the nearest or
single available monitor, adequately capture temporal or spatial variation in exposure to PM2s due to the high
correlation between personal exposure and ambient concentration. However, for more spatially heterogeneous
PM1o-25 and UFP, the spatial correlation between personal exposure and ambient concentrations is lower. Similarly,
PM components show increased spatial variability relative to PMzs. In this case, validated methods that capture the
extent of variability for the particular study design (temporal vs. spatial contrasts) and location carry greater weight.
Inference based on central site measurements can be adequate if correlated with personal exposures, closely
located to study subjects, highly correlated across monitors within a location, used in locations with well-distributed
sources, or combined with time-activity information.

In studies of short-term exposure, temporal variability of the exposure metric is of primary interest. For all PM size
fractions, studies that incorporate time-activity data with personal or microenvironmental monitoring or modeling
data may carry greater weight because residential, in-vehicle, and workplace PM exposures may differ in their
temporal variability. Results for total personal and indoor PM exposure are other lines of evidence that may inform
judgments about causality of PM because inference is based on an individual's microenvironmental exposures and
the potential for copollutant confounding may be reduced compared to ambient exposures. Results for total
personal exposure can inform understanding of the effects of ambient exposure when well correlated with ambient
concentrations.

For long-term exposures, methods that well represent within-community spatial variation in individual exposure may
be given more weight for spatially-variable ambient PM1o-25 or ultrafine particles. For PMzs, within-community
variation in exposure is less important given that PMazs tends to be more homogeneous.

Exposure measurement error often attenuates health effect estimates or increases the imprecision of the
association (i.e., width of 95% Cls), particularly associations based on temporal variation in short-term exposure.
However, exposure measurement error can bias estimates away from the null in some epidemiologic studies of
long-term exposures where the PM size fraction is more spatially heterogeneous (i.e., PM1o-25 or UFP), depending
on the locations of the monitor and sources with respect to the study population.

To streamline the health effects discussion on studies that are most policy-relevant, for those health categories
where the 2009 PM ISA concluded a “causal relationship” the focus is on studies with mean PM2s concentrations
<20 ug/m3. However, studies that examine a previously identified uncertainty or limitation in the evidence are
evaluated even if mean PMa2s concentrations are >20 pg/m?®.

Outcome Assessment/Evaluation

Controlled Human Exposure

Endpoints should be assessed in the same manner for control and exposure groups (e.g., time after exposure,
methods, endpoint evaluator) using valid, reliable methods. Blinding of endpoint evaluators is ideal, especially for
qualitative endpoints (e.g., histopathology). For each experiment and each experimental group, including controls,
precise details of all procedures carried out should be provided including how, when, and where. Time of the
endpoint evaluations is a key consideration that will vary depending on endpoint evaluated. Endpoints should be
assessed at time points that are appropriate for the research questions.
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Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Endpoints should be assessed in the same manner for control and exposure groups (e.g., time after exposure,
methods, endpoint evaluator) using valid, reliable methods. Blinding of endpoint evaluators is ideal, especially for
qualitative endpoints (e.g., histopathology). For each experiment and each experimental group, including controls,
precise details of all procedures carried out should be provided including how, when, and where. Time of the
endpoint evaluations is a key consideration that will vary depending on endpoint evaluated. Endpoints should be
assessed at time points that are appropriate for the research questions.

Inference is stronger when outcomes are assessed or reported without knowledge of exposure status. Knowledge
of exposure status could produce artefactual associations. Confidence is greater when outcomes assessed by
interview, self-report, clinical examination, or analysis of biological indicators are defined by consistent criteria and
collected by validated, reliable methods. Independent, clinical assessment is valuable for cutcomes such as lung
function or incidence of disease, but report of physician diagnosis has shown good reliability®. When examining
short-term exposures, evaluation of the evidence focuses on specific lags based on the evidence presented in
individual studies. Specifically, the following hierarchy is used in the process of selecting results from individual
studies to assess in the context of results across all studies for a specific health effect or outcome:

e Distributed lag models;

o Average of multiple days (e.g., 0-2),

o [fa priori lag days were used by the study authors these are the effect estimates presented; or

e |fastudy focuses on only a series of individual lag days, expert judgment is applied to select the
appropriate result to focus on considering the time course for physiologic changes for the health effect or
outcome being evaluated.

When health effects of long-term exposure are assessed by acute events such as symptoms or hospital
admissions, inference is strengthened when results are adjusted for short-term exposure. Validated questionnaires
for subjective outcomes such as symptoms are regarded to be reliable®, particularly when collected frequently and
not subject to long recall. For biological samples, the stability of the compound of interest and the sensitivity and
precision of the analytical method is considered. If not based on knowledge of exposure status, errors in outcome
assessment tend to bias results toward the null.

Potential Copollutant Confounding

Controlled Human Exposure

Exposure should be well characterized to evaluate independent effects of PM of various size fractions. Studies
should apply some approach (e.g., particle trap or filter) to assess the effects of PM when examining exposures to
complex air pollution mixtures (i.e., diesel exhaust, gasoline exhaust, wood smoke).

Exposure should be well characterized to evaluate independent effects of PM of various size fractions. Studies
should apply some approach (e.g., particle trap or filter) to assess the effects of PM when examining exposures to
complex air poliution mixtures (i.e., diesel exhaust, gasoline exhaust, wood smoke).
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Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Not accounting for potential copollutant confounding can produce artefactual associations; thus, studies that
examine copoliutant confounding carry greater weight. The predominant method is copollutant modeling

(i.e., two-pollutant models), which is especially informative when correlations are not high. However, when
correlations are high (r > 0.7), such as those often encountered for UFP and other traffic-related copollutants,
copollutant modeling is less informative. Although the use of single-pollutant models to examine the association
between PM and a health effect or outcome are informative, ideally studies should also include copollutant
analyses. Copollutant confounding is evaluated on an individual study basis considering the extent of correlations
observed between the copollutant and PM, and relationships observed with PM and health effects in copollutant
models.

Other Potential Confounding Factors?

Controlied Human Exposure

Preference is given to studies utilizing experimental and control groups that are matched for individual level
characteristics (e.g., race/ethnicity, sex, body weight, smoking history, age) and time varying factors (e.g., seasonal
and diurnal patterns).

Preference is given to studies utilizing experimental and control groups that are matched for individual level
characteristics (e.g., strain, sex, body weight, litter size, food and water consumption) and time varying factors
(e.9., seasonal and diurnal patterns).

Factors are considered to be potential confounders if demonstrated in the scientific literature to be related to health
effects and correlated with PM. Not accounting for confounders can produce artefactual associations; thus, studies
that statistically adjust for multiple factors or control for them in the study design are emphasized. Less weight is
placed on studies that adjust for factors that mediate the relationship between PM and health effects, which can
bias results toward the null. Confounders vary according to study design, exposure duration, and health effect and
may include, but are not limited to the following:

Short-term exposure studies: Meteorology, day of week, season, medication use, allergen exposure, and long-term
temporal trends.

Long-term exposure studies: Socioeconomic status, race, age, medication use, smoking status, stress, noise, and
occupational exposures.

Statistical Methodology

Controlled Human Exposure

Statistical methods should be clearly described and appropriate for the study design and research question

(e.g., correction for multiple comparisons). Generally, statistical significance is used to evaluate the findings of
controlled human exposure studies. However, consistent trends are also informative. Detection of statistical
significance is influenced by a variety of factors including, but not limited to, the size of the study, exposure and
outcome measurement error, and statistical model specifications. Sample size is not a criterion for exclusion;
ideally, the sample size should provide adequate power to detect hypothesized effects (e.g., sample sizes less than
3 are considered less informative). Because statistical tests have limitations, consideration is given to both trends in
data and reproducibility of results.
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Table A-1 (Continued): Scientific considerations for evaluating the strength of
inference from studies on the health effects of particulate
matter.

Statistical methods should be clearly described and appropriate for the study design and research question

(e.g., correction for multiple comparisons). Generally, statistical significance is used to evaluate the findings of
animal toxicology studies. However, consistent trends are also informative. Detection of statistical significance is
influenced by a variety of factors including, but not limited to, the size of the study, exposure and outcome
measurement error, and statistical model specifications. Sample size is not a criterion for exclusion; ideally, the
sample size should provide adequate power to detect hypothesized effects (e.g., sample sizes less than 3 are
considered less informative). Because statistical tests have limitations, consideration is given to both trends in data
and reproducibility of results.

Multivariable regression models that include potential confounding factors are emphasized. However, multipoliutant
models (more than two pollutants) are considered to produce too much uncertainty due to copoliutant collinearity to
be informative. Models with interaction terms aid in the evaluation of potential confounding as well as effect
modification. Sensitivity analyses with alternate specifications for potential confounding inform the stability of
findings and aid in judgments of the strength of inference from results. In the case of multiple comparisons,
consistency in the pattern of association can increase confidence that associations were not found by chance alone.
Statistical methods that are appropriate for the power of the study carry greater weight. For example, categorical
analyses with small sample sizes can be prone to bias results toward or away from the null. Statistical tests such as
t-tests and Chi-squared tests are not considered sensitive enough for adequate inferences regarding PM-health
effect associations. For all methods, the effect estimate and precision of the estimate (i.e., width of 95% Cl) are
important considerations rather than statistical significance.

LS. EPA, 2008).
"Murgia et al. (2014); Weakley et al. (2013); Yang et al. (2011); Heckbert et al. (2004); Barr et al. (2002); Muhajarine et al. (1997);
Toren et al. (1993); Burney et al. (1989).

‘UFPs are defined as particles <100 nm in size, but studies often include size fractions larger than 100 nm in the assessment of
the relationship between UFP exposure and health effects.

YMany factors evaluated as potential confounders can be effect measure modifiers (e.g., season, comorbid health condition) or
mediators of health effects related to PM {(comorbid health condition).

the relationship between an air pollutant and health can vary depending on the specific pollutant being assessed.
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